Two salts were prepared by methylation of the respective imidazoline-2-thione at the sulfur atom, using Meerwein's salt (trimethyloxonium tetrafluoridoborate) in CH 2 Cl 2 . 1,3-Dimethoxy-2-(methylsulfanyl)imidazolium tetrafluoridoborate (1), C 6 H 11 N 2 O 2 S + ÁBF 4 À , displays a syn conformation of its two methoxy groups relative to each other whereas the two benzyloxy groups present in 1,3dibenzyloxy-2-(methylsulfanyl)imidazolium tetrafluoridoborate (2), C 18 H 19 N 2 O 2 S + ÁBF 4 À , adopt an anti conformation. In the molecules of 1 and 2, the methylsulfanyl group is rotated out of the plane of the respective heterocyclic ring. In both crystal structures, intermolecular interactions are dominated by C-HÁ Á ÁF-B contacts, leading to three-dimensional networks. The tetrafluoridoborate counter-ion of 2 is disordered over three orientations (occupancy ratio 0.42:0.34:0.24), which are related by rotation about one of the B-F bonds.
Chemical context
2-(Methylthio)imidazolium salts have attracted great interest because of their reactive properties. Compounds belonging to this class can be converted into important derivatives with useful biological activity, i.e. as anti-filarial agents (Link et al., 1990) . Furthermore, they have been used as precursors for the synthesis of remote N-heterocyclic carbene complexes (rNHC) (Patel et al., 2018) , as tunable alkylating reagents (Guterman et al., 2018) or as coupling reagents for the formation of bis(2-imidazolyl)methylium salts (Kuhn et al., 1993; Fü rstner et al., 2008) .
The S-methylation of thiones, typically with methyl iodide or Meerwein's salt (trimethyloxonium tetrafluoridoborate), is straightforward. The title compounds 1 and 2 were prepared by methylation of 1,3-dimethoxyimidazoline-2-thione (Laus et al., 2013) and 1,3-di(benzyloxy)imidazoline-2-thione (Laus et al., 2016) , respectively, using Meerwein's salt in CH 2 Cl 2 . An analogous procedure was applied by Williams et al. (1994) for the synthesis of the classic 1,3-dimethyl-2-(methylsulfanyl)imidazolium iodide.
Structural commentary
In the organic cation of 1, the two methoxy groups adopt a syn conformation relative to each other, and the methylsulfanyl group is anti to each of the methoxy groups (Fig. 1) . In contrast, the structurally related molecule of 1,3-dimethoxy- ISSN 2056-9890 imidazoline-2-thione displays an anti conformation of its methoxy groups (Laus et al., 2013) . The two N-OMe fragments of 1 form dihedral angles with the mean plane of the imidazole ring of 82.3 (2) (for the ring involving O1 and C4) and of 76.8 (1) (for the ring involving O2 and C5). The methylsulfanyl group (S1-C6) is rotated out of the heterocyclic plane and forms a dihedral angle of 62.5 (1) with the mean plane of the heterocycle defined by atoms N1, C1, N2, C2, and C3.
Similar to 1, the methylsulfanyl group (S1-C18) of 2 is rotated out of the plane of the heterocycle and forms a dihedral angle of 78.6 (1) with the mean plane defined by the imidazole ring atoms (N1, C1, N2, C2, C3). The arrangement of the two benzyloxy moieties in the cation of 2 relative to each other is anti (Fig. 2) . They adopt distinct conformations, which is illustrated by the different values of the torsion angles N1-O1-C4-C5 = À174.2 (2) and N2-O2-C11-C12 = 95.5 (2) . The two benzene ring planes are inclined by 17.34 (9) for C5-C10 and by 30.6 (1) for C12-C17 relative to the plane of the central heterocycle. The tetrafluoridoborate counter-ion of 2 is disordered over three orientations (occu-
Figure 2
The ion pair structure of methylsulfanyl salt 2, showing displacement ellipsoids drawn at the 50% probability level and hydrogen atoms drawn as spheres of arbitrary size. Only one of the three different orientations of the disordered BF 4 À anion is shown.
Figure 1
The ion pair structure of methylsulfanyl salt 1, showing displacement ellipsoids drawn at the 50% probability level and hydrogen atoms drawn as spheres of arbitrary size.
Figure 3
Disorder of the tetrafluoridoborate anion in the structure of 2. The disorder components A (F2A, F3A, F4A), B (F2B, F3B, F4B) and C (F2C, F3C, F4C) are related by a rotation about the B1-F1 bond. pancy ratio 0.42:0.34:0.24), which are related by a rotation about the B1-F1 bond (Fig. 3) . The heterocycle C-S bond lengths [1.722 (2) and 1.721 (3) Å for 1 and 2, respectively] determined in this study are in good agreement with the mean value (1.735 Å ) calculated from 82 pertinent C-S distances compiled in the Cambridge Structural Database (selection criterion R 1 < 0.10; Groom et al., 2016) .
Supramolecular features
Both structures display multiple C-HÁ Á ÁF-B contacts which cross-link the ion pairs and result in three-dimensional networks (Tables 1 and 2 ). In the crystal structure of 1, the two most important of these interactions, C2-H2Á Á ÁF3(Àx + 1 2 , y À 1 2 , Àz + 3 2 ) and C3-H3Á Á ÁF2(x + 1 2 , Ày + 1 2 , z + 1 2 ), involve the two imidazole CH groups and yield a substructure with an R 4 4 (14) motif (Etter et al., 1990; Bernstein et al., 1995) (Fig. 4) . Moreover, the two methoxy groups are involved in this type of hydrogen bonding, albeit with weaker strength as can be seen in the longer HÁ Á ÁF contacts (Table 1 ). In the di(benzyloxy) salt 2, each of the three disorder components of the anion gives rise to a specific set of C-HÁ Á ÁF-B contacts. Fig Table 1 Hydrogen-bond geometry (Å , ) for 1. Symmetry codes: (i) Àx þ 1 2 ; y À 1 2 ; Àz þ 3 2 ; (ii) x þ 1 2 ; Ày þ 1 2 ; z þ 1 2 ; (iii) x þ 1 2 ; Ày þ 1 2 ; z À 1 2 . Table 2 Hydrogen-bond geometry (Å , ) for 2. Symmetry codes: (i) Àx þ 1; y þ 1 2 ; Àz þ 1; (ii) Àx þ 1; y; z þ 1 2 ; (iii) x À 1; y; z.
Figure 4
Crystal packing of compound 1. Dashed lines represent the shortest intermolecular C-HÁ Á ÁF interactions. [Symmetry codes: (i) Àx + 1 2 , y À 1 2 , Àz + 3 2 ; (ii) x + 1 2 , Ày + 1 2 , z + 1 2 .]
Figure 5
Crystal packing of compound 2, viewed along the a axis. Dashed lines represent the shortest intermolecular C-HÁ Á ÁF interactions involving the disorder component B of the tetrafluoridoborate anion. [Symmetry codes: (i) Àx + 1, y, z + 1 components, which also involves one heterocyclic hydrogen (H2) as well as both methylene (H4A, H4B; H11A) and two aromatic hydrogen atoms (H8, H10) of the cation. In contrast to 1, the methylsulfanyl group (H18C) is also involved in hydrogen-bonding interactions.
Database survey
In addition to the classic 1,3-dimethylimidazolium-2-methylsulfanylimidazolium iodide (Williams et al., 1994) , the Cambridge Structural Database (Version 5.41 November 2019; Groom et al., 2016) comprises a number of more unusual representatives such as very bulky 1,3-diaryl-2-phenylthioimidazolium (Iné s et al., 2010) and 1,3-diaryl-2-methylsulfanylimidazolium salts (Liu et al., 2017) . These compounds are suitable precursors for the generation of exotic N-heterocyclic carbene-chalcogen cations. Noteworthy is also the structure of a stabilized imidazoline-2-thione methylide (Arduengo & Burgess, 1976) . The attachment of a fluorine-containing group to a given molecule may enhance certain properties and therefore widen the range of potential applications. For example, salts bearing S-CF 3 groups (Mizuta et al., 2016) have been found to be effective electrophilic phase-transfer catalysts. Additionally, the intro-duction of perfluoroalkylthio groups (Hummel et al., 2017) resulted in improved surfactant properties.
Synthesis and crystallization
1,3-Dimethoxy-2-methylsulfanylimidazolium tetrafluoridoborate (1): Trimethyloxonium tetrafluoridoborate (0.51 g, 3.44 mmol) was added to a solution of 1,3-dimethoxyimidazoline-2-thione (0.50 g, 3.12 mmol) in CH 2 Cl 2 (20 ml). The mixture was stirred for 18 h at room temperature, then the solvent was evaporated. The residue was dissolved in EtOH (3 ml) and cooled at 277 K, forming colourless single crystals. The crystalline product was filtered, washed with Et2O (2 Â 5 ml) and dried. Yield 1,3-Di(benzyloxy)-2-methylsulfanylimidazolium tetrafluoridoborate (2): Trimethyloxonium tetrafluoridoborate (0.26 g, 1.7 mmol) was added to a solution of 1,3-di(benzyloxy)imidazoline-2-thione (0.51 g, 1.6 mmol) in CH 2 Cl 2 (8 ml) in a Teflon test tube under argon. The mixture was 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 3 . All hydrogen atoms were identified in difference maps. Methyl H atoms were idealized and included as rigid groups allowed to rotate but not tip (C-H = 0.98 Å ), and their U iso parameters were set to 1.5 U eq (C) of the parent carbon atom. H atoms bonded to secondary carbon atoms (C-H = 0.99 Å ), and H atoms bonded to C atoms in aromatic rings (C-H = 0.95 Å ) were positioned geometrically and refined with U iso set to 1.2 U eq (C) of the parent carbon atom.
The structure of 2 displays disorder of the tetrafluoridoborate ion involving three distinct components. Therefore, distance restraints were applied for all chemically equivalent B-F and FÁ Á ÁF distances and restraints on displacement parameters of the F atoms affected by disorder were applied.
sup-1
Acta Cryst. For both structures, data collection: CrysAlis PRO (Rigaku OD, 2015) ; cell refinement: CrysAlis PRO (Rigaku OD, 2015) ; data reduction: CrysAlis PRO (Rigaku OD, 2015) ; program(s) used to solve structure: SIR2002 (Burla et al., 2003) ; program(s) used to refine structure: SHELXL2014/6 (Sheldrick, 2015) ; molecular graphics: XP/SHELXTL (Sheldrick, 2008) and Mercury (Macrae et al., 2020) ; software used to prepare material for publication: publCIF (Westrip, 2010) .
1,3-Dimethoxy-2-(methylsulfanyl)imidazolium tetrafluoridoborate (1)
Crystal data where P = (F o 2 + 2F c 2 )/3 (Δ/σ) max < 0.001 Δρ max = 0.25 e Å −3 Δρ min = −0.26 e Å −3 Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq S1 0.41330 (7) 0.47008 (5) (9) 0.0605 (10) 0.0094 (6) −0.0015 (7) 0.0051 (7) F2 0.0500 (8) 0.0562 (9) 0.0254 (7) 0.0007 (7) 0.0062 (6) 0.0000 (6) supporting information sup-3 Acta Cryst. (2020). E76, 552-556 F3 0.0889 (12) 0.0336 (8) 0.0323 (8) −0.0033 (7) 0.0035 (7) −0.0043 (6) F4 0.0278 (7) 0.0643 (10) 0.0621 (10) −0.0099 (7) −0.0001 (7) 0.0120 (8) O1 0.0272 (8) 0.0512 (10) 0.0247 (9) −0.0011 (7) 0.0056 (6) −0.0087 (7) O2 0.0307 (8) 0.0409 (9) 0.0305 (9) −0.0101 (7) 0.0022 (7) −0.0140 (7) N2 0.0237 (9) 0.0262 (9) 0.0266 (10) −0.0035 (7) −0.0003 (7) −0.0059 (8) N1 0.0219 (9) 0.0292 (10) 0.0242 (10) −0.0009 (7) 0.0008 (7) −0.0048 (8) C1 0.0183 (10) 0.0277 (11) 0.0276 (12) 0.0007 (9) 0.0019 (9) −0.0019 (10) C2 0.0243 (11) 0.0254 (11) 0.0415 (14) −0.0001 (9) −0.0022 (10) 0.0010 (10) C3 0.0277 (11) 0.0289 (12) 0.0337 (14) −0.0020 (9) −0.0052 (10) 0.0052 (10) 
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.
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